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O uso indiscriminado de drogas antimicrobianas elevou o espectro de exposição à patógenos 
de importância médica, caracterizando em muitos casos, o aumento da resistência, oferecendo 
risco mundial à saúde de todos os pacientes, especialmente os internados em unidades de 
terapia intensiva (UTI). Assim, a resistência microbiana, juntamente com à sua capacidade de 
persistir em infecções formando biofilmes tem aumentado a morbimortalidade destes 
pacientes. Com o crescente reconhecimento da complexidade dos biofilmes, e da grande 
dificuldade de sua erradicação, tem se buscado novas alternativas antimicrobianas já que a 
presença destes dificulta a terapia. Desta forma, os objetivos deste estudo foram avaliar o 
efeito antimicrobiano através da concentração inibitória mínima, efeito antiadesão em placas 
de poliestireno e antibiofilme da nitrochalcona (NC-E05) e cafeato de pentila (C5) sobre 
biofilmes mono e misto de S. aureus, MRSA e C. albicans, além do estudo da inibição da 
adesão em células HaCaT e a toxicidade em Galleria mellonella. Os resultados demonstraram 
que a nitrochalcona (NC-E05) e cafeato de pentila (C5) apresentaram forte atividade 
antimicrobiana, com concentração inibitória mínima (CIM) variando entre 15,6 e 31,2 µg/mL, 
respectivamente. No ensaio da atividade antiadesão em placas de poliestireno houve inibição 
da adesão para todos os microrganismos testados de aproximadamente 3 logs para a NC-E05  
e 4 logs para C5 quando utilizado 10x CIM (p<0.0001). Houve ainda a redução significativa 
do biofilme monoespécie e misto quando tratados com a concentração de 1x CIM e 10x CIM 
(p<0.0001). O tratamento com ambos compostos na concentração abaixo da CIM (CIM/2) 
foram capazes de inibir a adesão microbiana aos queratinócitos humano (HaCaT), nos tempos 
de 1 a 3 h (p <0,0001). Finalmente, NC-E05 e C5 demonstraram baixa toxicidade no modelo 
de G. mellonella nas concentrações testadas. Pode-se concluir que tanto a NC-E05 quanto a 
C5 possuem forte atividade antibiofilme contra S. aureus, MRSA e C. albicans quando 
comparados aos controles vancomicina e anfotericina B. Ambos compostos foram capazes de 
inibir a adesão bacteriana e fúngica em poliestireno e em células humanas e apresentaram 
baixa toxicidade no modelo de G. mellonella. Esses achados abrem um novo caminho para o 
estudo da NC-E05 e do C5 como protótipos contra o biofilme monoespécie e misto. Mais 
estudos são necessários para avaliar outros mecanismos de ação dos compostos e toxicidade 
em longo prazo em outros modelos relevantes. 





The indiscriminate use of antimicrobial drugs has raised the spectrum of exposure of 
pathogens of medical importance, characterizing in many cases the increase of resistance, 
offering a global risk to the health of all patients, especially those hospitalized in intensive 
care (ICU). Thus, microbial resistance coupled with its ability to persist in infections forming 
biofilms has increased the morbidity and mortality of these patients. With the growing 
recognition of the complexity of biofilms, and the great difficulty of its eradication, new 
antimicrobial alternatives have been sought since their presence makes therapy difficult. Thus, 
the objectives of this study were to evaluate the antimicrobial effect through minimum 
inhibitory concentration (MIC), antiadhesive effect on polystyrene plates and anti-biofilm of 
nitrochalcone (NC-E05) and pentyl caffeate (C5) on S. aureus, MRSA and C. albicans in 
mono and mixed biofilms, in addition to the study of inhibition of adhesion in HaCaT cells 
and toxicity in Galleria mellonella. The results showed that nitrochalcone (NC-E05) and 
pentyl caffeate (C5) had excellent antimicrobial activity, with a minimum inhibitory 
concentration (MIC) varying between 15.6 and 31.2 μg / mL, respectively. In the assay of the 
anti-adhesion activity in polystyrene plates there was inhibition of adhesion for all tested 
microorganisms of approximately 3 logs for NC-E05 and 4 logs for C5 when 10x MIC was 
used (p <0.0001). There was also a significant reduction of the mono and mixed biofilm when 
treated with the concentration of 1x MIC and 10x MIC (p <0.0001). Treatment with both 
compounds at the concentration below the MIC (MIC/2) was able to inhibit microbial 
adhesion to human keratinocytes (HaCaT), at times of 1 to 3 h (p <0.0001). Finally, NC-E05 
and C5 demonstrated low toxicity in the G. mellonella model at the concentrations tested. It 
can be concluded that both NC-E05 and C5 have strong anti-biofilm activity against  S. 
aureus, MRSA and C. albicans when compared to controls vancomycin and amphotericin B. 
Both compounds were able to inhibit bacterial and fungal adhesion in polystyrene and human 
cells and showed low toxicity in the G. mellonella model. These findings open a new way for 
the study of NC-E05 and C5 as excellent prototypes against monospecies and mixed biofilms. 
Further studies are needed to evaluate others mechanisms of action of compounds and long- 
term toxicity in other relevant models. 
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1 – INTRODUÇÃO 
 
Há muito tempo, as infecções hospitalares vêm trazendo grandes preocupações na 
área médica e também novos desafios devido à sua alta taxa de morbidade e mortalidade. 
Ocorrem cerca de cem mil mortes por ano causando um impacto relevante na economia, 
devido aos altos custos dos medicamentos utilizados, dos serviços prestados e a maior 
permanência do paciente no hospital (Oliveira et al., 2016). Essas infecções hospitalares 
podem ser causadas por diversos fatores, como a falta de higiene e de treinamento dos 
profissionais de saúde e o uso de aparatos médicos que facilitam a formação de biofilmes 
(Oliveira et al., 2016). 
Os biofilmes são comunidades biológicas, organizadas, estruturadas, presentes em 
superfície biótica ou abiótica e envoltas pelas matrizes poliméricas produzidas pelos 
microrganismos (Costerton et al., 1999). Devido à grande complexidade desses biofilmes, 
que na maioria das situações, são de natureza polimicrobiana e que apresentam um 
impacto de maior relevância nas infecções do que as de origem monomicrobiana, vários 
pesquisadores tem dado ênfase para este tipo de estudo (Hwang et al., 2015; Jakubovics, 
2015; O’Donnell et al., 2015; Zago et al., 2015; Montelongo-Kauregui et al., 2016). A 
presença desses biofilmes dificulta ainda mais a terapia antimicrobiana, pois essa 
interação pode aumentar a patogenicidade dos microrganismos ali presentes bem como 
resistência destes frente aos antibióticos (Oliveira et al., 2016). 
Todos os microrganismos são capazes de formar biofilmes, sendo os mais 
envolvidos com infecções hospitalares, os de Staphylococcus aureus, Acinetobacter 
baumannii, Candida albicans e Pseudomonas aeruginosa (Bochenska et al., 2016). O 
presente trabalho abordará os biofilmes de Candida albicans e Staphylococcus aureus. 
Há uma grande variedade de espécies de Candida e mais de 90% das infecções 
invasivas são causadas pelas espécies: Candida albicans, Candida glabrata, Candida 
parapsilosis, Candida tropicalis e Candida krusei (Pfaller e Diekema, 2007) que são 
responsáveis por várias doenças infecciosas, ocasionando casos agudos ou  crônicos. 
Esses microrganismos secretam proteinases e fosfolipases que são capazes de degradar, 
destruir ou transformar constituintes da membrana celular do hospedeiro induzindo a uma 
destruição das células humanas (Pfaller e Diekema, 2007). 
A levedura C. albicans é um dos agentes patogênicos mais comuns em seres 
humanos, podendo causar desde candidose oral a infecções sistêmicas. A capacidade de 






repertório de fatores de virulência e ao estado imunológico do paciente (Tsui et al., 2006; 
Ortega et al., 2011). 
Além disso, essa levedura apresenta dimorfismo, ou seja, uma variação da parede, 
em forma de blastoconídeos e a forma filamentosa, que vai interferir na sua 
patogenicidade, sendo que a sua forma de hifa adere e penetra mais facilmente nas células 
epiteliais (Ells et al., 2014). 
Essa levedura apresenta vários fatores de virulência responsáveis por causar 
infecções e também pelos mecanismos de resistências aos antimicrobianos existentes no 
mercado (Ortega et al., 2011). Segundo Bochenska et al. (2016), através da análise do 
secretoma de C. albicans foi possível compreender os mecanismos de virulência adotadas 
pelo fungo para causar infecção, incluindo mais de 200 proteínas envolvidas em vias que 
atuam nos tecidos do hospedeiro, a aquisição de nutrientes, a destruição dos tecidos, 
formação da matriz extracelular, da remodelação da parede celular, e assim, a separação 
de células e formação do biofilme. Portanto, em infecções sistêmicas, C. albicans tem 
uma maior atividade de proteinase em comparação com as espécies Candida não- 
albicans. Além disso, as espécies de Candida são capazes de interagir diretamente com as 
células hospedeiras devido à propriedade que está associada com a superfície interativa 
das adesinas. A integração física entre as células de levedura e o hospedeiro é um 
processo de integridade estrutural totalmente mediada à parede celular dos fungos e em 
virtude da sua localização, esta interação pode ocorrer entre as proteínas e ou entre 
proteínas e açúcares (Bochenska et al., 2016). 
Umas das características do microrganismo Candida, é a formação de biofilmes 
(Bochenska et al., 2016) que afetam diretamente a qualidade de vida e sobrevida de 
pacientes com candidemia, uma vez que quando instalado nos cateteres intravasculares, 
cateteres de diálise peritoneal, tubos endotraqueais e outros dispositivos implantados 
atuam como reservatório de partículas infecciosas, que podem desprender-se do biofilme 
e se propagar em outros órgãos e tecidos. (Sardi et al., 2013). Um dos aspectos mais 
importantes relacionados com biofilmes fúngicos é a dificuldade terapêutica. 
Inicialmente, é importante notar que grande parte das manifestações clínicas das 
candidoses são associadas à formação de biofilmes, e as células microbianas encontradas 
na estrutura desse biofilme exibem níveis elevados de resistência aos antifúngicos mais 
utilizados clinicamente. 






biofilmes de espécies de Candida com o objetivo de encontrar novos alvos terapêuticos 
mais eficientes. A mais recente inovação descrita neste contexto envolve um estudo 
realizado por Srinivasan et al. (2017), que desenvolveu um dispositivo chamado C. 
albicans biofilme chip (CaBChip), um microarranjo robotizado de alta densidade, que 
consiste em nanofilmes de C. albicans utilizado para imprimir células de levedura sobre 
um substrato sólido. As principais vantagens do CaBChip incluem automação, 
miniaturização, e redução de custos no montante de reagentes, qualidades que tornam  
este dispositivo ideal para a descoberta das drogas usando o real high-throughput 
screening (Srinivasan et al., 2017). 
Em outro estudo os pesquisadores demonstraram que C. albicans pode inativar a 
histatina 5, um peptídeo anticandida rico em histidina salivar, através da ação hidrolítica 
de Saps (proteínase aspartil secretada). Esse estudo ajuda aprofundar as interações entre o 
hospedeiro humano e o fungo (Bochenska et al., 2016). 
A resistência adquirida das espécies de Candida aos antifúngicos comumente 
usados na clínica pode ser explicada por vários fatores, como por exemplo, um aumento 
de sua atividade metabólica na formação inicial do biofilme e outra possível hipótese, a 
substância extracelular polimérica servir como uma barreira impedindo a ação dos 
antifúngicos (Cavalheiro e Teixeira, 2018). Os mecanismos de resistência aos 
antifúngicos são classificados como primário ou secundário, e estão relacionados às 
características intrínsecas ou adquiridas do fungo, envolvendo a interferência com o 
mecanismo antifúngico da respectiva classe de droga ou diminuição dos níveis da droga 
no alvo. A resistência também pode ocorrer quando fatores ambientais levam a 
colonização ou substituição de uma espécie sensível por uma espécie resistente. Os 
antifúngicos polienos e os azóis têm seus efeitos devido à suas ações sobre a membrana 
da célula fúngica, enquanto as equinocandinas são responsáveis por desestruturar a  
parede celular dos fungos (Pfaller et al., 2012). A capacidade da Candida para formar 
biofilmes resistentes aos medicamentos é um fator importante na contribuição para causar 
doença nos seres humanos. Vários mecanismos moleculares de resistência aos 
antifúngicos de C. albicans foram descritos, e estes incluem o aumento do efluxo (bomba 
de efluxo) de agentes antifúngicos devido à superexpressão de genes de efluxo, CDR1, 
CDR2 (a família de proteínas transportadoras de membrana ABC - o ATP binding 
cassete) (Sardi et al., 2011) e MDR, assim como as substituições de aminoácidos na 






e outros genes são muitas vezes co-regulados e são superexpressos simultâneamente. 
Portanto, acredita-se que os genes que regulam a expressão podem sofrer mutações (Staib 
et al., 2000). 
Staphylococcus aureus é um microrganismo comumente encontrado na pele e nas 
cavidades nasais, podendo causar desde uma acne ou furúnculo (foliculite), como uma 
infecção mais grave como pneumonia, meningite, septicemia e choque tóxico (Arias et 
al., 2017). Nas últimas décadas, as infecções por Staphylococcus aureus resistente a 
meticilina (MRSA) tem recebido muito atenção devido ao aumento de sua incidência, 
além disso, ele provoca sequelas muito mais graves se comparado ao S. aureus sensível a 
meticilina (MSSA), e consequentemente mais tempo o paciente ficará internado 
(Tharmalingam et al., 2018). É um microrganismo que é sinônimo de resistência aos 
antibióticos no ambiente hospitalar e comunitário. Desde o seu primeiro isolamento 
clínico em 1961, o MRSA persistiu em hospitais e UTI, se fazendo presente  em  40-  
60% das infecções e com frequente resistência a múltiplos fármacos (Hibbitts et al., 
2018). Nesse patógeno, a resistência a medicamentos ocorre principalmente através da 
produção de β-lactamases ou proteínas de ligação das penicilinas alteradas. De acordo 
com o Centro de Controle de Doenças e Prevenção, nos Estados Unidos (CDC), 
anualmente há mais de 11.000 mortes e 80.000 casos graves de infecção por MRSA. A 
vancomicina tipicamente é a escolha para tratamento contra essas infecções bacterianas 
Gram-positivas resistentes a múltiplos fármacos, mas já existem casos de S. aureus 
resistente à vancomicina (Tharmalingam et al., 2018). 
A resistência a múltiplos antimicrobianos combinada com um biofilme espesso 
torna ainda mais difícil o tratamento e a erradicação das infecções por S. aureus. Os 
fatores de virulência de S. aureus servem como alvos para o desenvolvimento de agentes 
anti-estafilocócicos. Esses alvos incluem adesinas ligadas à superfície, proteínas de 
ligação à imunoglobulina, proteases secretadas e associadas à superfície, superantígenos e 
potentes toxinas leucócitas (Vaishampayan et al., 2018). 
A incidência crescente de agentes patogênicos resistentes aos antimicrobianos 
existentes no mercado e a toxicidade dos mesmos têm atraído atenção para a busca de 
novos compostos antimicrobianos a partir de produtos naturais. (Oliveira et al., 2016). As 
plantas são boas opções para obtenção de uma grande variedade de drogas e têm sido 






na medicina popular porque representam uma alternativa econômica, são facilmente 
acessíveis e podem ser aplicadas a diversas doenças (Sardi et al., 2011). Por conseguinte, 
as plantas constituem uma excelente fonte de substâncias que podem ser utilizadas na 
formulação de novos agentes antimicrobianos (Holetz et al., 2002; Lazarini et al., 2018). 
Tendo abordado as dificuldades de pesquisas com novas drogas, e as resistências 
adquiridas pelos microrganismos aos antibióticos e antifúngicos, essa dissertação 
apresenta dois novos compostos com atividade antimicrobiana: o cafeato de pentila (C5)  
e a nitrochalcona (NC-E05). Alguns produtos fitoquímicos, produzidos pelas plantas 
como parte de suas estratégias de defesa química e antimicrobiana, são utilizados para 
desenvolver novos agentes antimicrobianos que não são tão vulneráveis como os 
fármacos atuais para mecanismos de resistência bacteriana e fúngica (Sardi et al., 2011). 
Há um interesse entre as indústrias farmacêuticas na descoberta de novas moléculas a 
partir de produtos naturais, e mesmo a sua combinação com outras drogas, para a melhora 
de seu mecanismo de ação, efeitos colaterais, potência, tolerância e a diminuição dos 
custos de produção (Sardi et al., 2016). 
Compostos sintetizados a partir de plantas podem oferecer uma abordagem para 
a descoberta de novos agentes antimicrobianos. O ácido cafeico é um fenilpropanóide 
que existe em abundância na natureza e pode ser encontrado em alimentos 
principalmente no café, própolis e em algumas plantas. Possue propriedades 
antioxidantes, anti-inflamatórias, anticancerígenas e antimicrobianas (Sardi et al., 
2016). Modificações em sua estrutura química podem gerar moléculas análogas com 
atividade biológica ainda mais ativa, como por exemplo, o cafeato de pentila (Sardi et 
al., 2016). 
Nitrochalcona (NC-E05) é um composto sintetizado a partir das chalconas, que 
constituem umas das maiores classes de produtos naturais pertencentes à família dos 
flavanóides, tem sido relatado como tendo diversas atividades terapêuticas importantes, 
incluindo algumas chalconas que são eficazes como agentes antimicrobianos (Tristão et 
al., 2012). Atividades antibacterianas e antifúngicas destes compostos já foram  
relatadas por Nowakowska et al., 2008; Sardi et al., 2016). Desta forma, há um grande 
interesse para o desenvolvimento de análogos estruturais de chalconas, constituindo 
moléculas estratégicas para encontrar novos protótipos de drogas com atividade 
antimicrobianas e antifúngicas. 
Portanto, os objetivos desse estudo foram avaliar a atividade antimicrobiana, 
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Introduction: The indiscriminate use of antimicrobial drugs has elevated the spectrum of 
exposure of these pathogens characterizing in many cases, increased resistance. 
Purpose: To evaluate the antimicrobial activity, anti-adhesion and anti-biofilm of 
modified synthetic molecules derived from chalcone and caffeic acid against 
microorganisms which have a high incidence in hospital infections. Also, it was 
evaluated the preliminary systemic toxicity of the two compounds. 
Methodology: This study describes the antimicrobial activity of two compounds 
nitrochalcone (NC-E05) and pentyl caffeate (C5) against Candida albicans, 
Staphylococcus aureus/MRSA in ability to prevent bacterial/ fungal adhesion to human 
cells, biofilm formation mono and mixed biofilm, survival, cells viability and toxicity in 
Galleria mellonella larvae. 
Results: NC-E05 and C5 showed excellent antimicrobial activity, with MIC ranging 
between 15.62 and 31.25 µg/mL, respectively. It significantly reduced single or mixed 
biofilm (at 1x MIC and/or 10x MIC). Treatment with NC-E05 and C5 (MIC/2) decreased 
microbial adhesion to HaCaT keratinocytes from 1 to 3 h (p<0.0001). Finally, NC-E05 
and C5 demonstrated low toxicity in G. mellonella model at anti-biofilm concentrations. 
Conclusion: In this way, the modification of the molecules proved to be effective in the 














1 – Introduction 
The patient in the hospital has a higher risk of nosocomial infection due to 
impaired defense mechanism, applying invasive methods, exposure to broad- 
spectrum antibiotics, and the colonization of resistant microorganisms (Zamani et al., 
2014). Antimicrobial resistance (AMR) offers a worldwide risk to the health of all 
patients, especially those hospitalized in intensive care (ICU), as they already use 
invasive medical devices, use drugs of different therapeutic classes and, 
consequently, exposure to antibiotics (De Waele et al., 2018). Thus, bacterial 
resistance together with the virulence of the pathogen, its ability to persist in 
infections forming biofilms has elevated morbidity and mortality in patients. In 
recent studies projected for the year 2050 that 10 million people will die worldwide 
due to AMR (Bassetti et al., 2017). Due to these enormous impacts caused as the 
high mortality rate and the high hospital costs, a strict control of the use of 
antimicrobials in the ICU is necessary, an effective training for the health 
professionals and the accomplishment of scientific researches in these populations 
that present a high risk is needed (De Waele et al., 2018). 
Candida albicans is able to grow together in biofilm with Staphylococcus 
aureus, Staphylococcus epidermidis and Enterococcus sp. in the course of blood- 
borne infections, with Gardnerella vaginalis during vaginal infections, Pseudomonas 
aeruginosa in cystic fibrosis, Porphyromonas gingivalis, Streptococcus mutans and 
diverse other bacteria or fungi in oral as well as in skin/wound infections (Klotz et 
al., 2007; Harriot et al., 2009; Budzyńska et al., 2017; Karkowska-Kuleta et al., 
2018; Fernandes et al., 2018). C. albicans and S. aureus are important microbial 
pathogens responsible for the majority of infections in hospitalized patients and are 
often coisolated from a host (Kong et al., 2016). In recent years, there has been a 
growing recognition of the complexity of biofilms, which in most cases are 
polymicrobial in nature and have a more relevant impact on infections (Hwang et al., 
2015; Zago et al., 2015; Karkowska-Kuleta et al., 2018). The presence of these 
biofilms further complicates antimicrobial therapy, since this interaction may 
increase the pathogenicity of microorganisms present as well as their resistance to 
antibiotics (de Carvalho-Dias et al., 2017; Budzyńska et al., 2017). 
There is an urgent need for novel alternative strategies to combat microbial 






antifungal and antibacterial, however, some microorganisms are already resistant to 
these drugs (Vaishampayan et al., 2018). Interest in natural products has increased 
greatly in recent years. Some phytochemicals, produced by plants as part of their 
chemical defense strategies, are used to develop new antimicrobial agents, which are 
not as vulnerable as current drugs for bacterial and fungal resistance mechanisms 
(Sardi et al., 2011) and may present a more effective mechanism of action, fewer  
side effects, greater potency, tolerance, and lower production costs (Sardi et al., 
2016). Compounds synthesized from plants may offer an approach to the discovery 
of new antimicrobial agents (Newman and Cragg, 2016). Caffeic acid is a 
phenylpropanoid that exists in abundance in nature and can be found in foods and 
plants, apples, grapes, honey (Shi et al., 2003; Sardi et al., 2016). They have 
antioxidant, anti-inflammatory, anticancer and antimicrobial properties (Sardi et al., 
2016). In addition, chalcones constitute one of the largest classes of natural products 
belonging to the family of flavonoids with of important therapeutic activities, such as 
antihypertensive and cardiovascular activity, antiprotozoal, anti-inflammatory, 
antidiabetic, nitric oxide inhibitory effect, anticancer, antiparasitary and  
antimicrobial activities (Ni et al., 2004; Boeck et al., 2006; Campos-Buzzi et al., 
2007; Nowakowska, 2007; Tristão et al., 2012; Sardi et al., 2016). Modifications in 
chemical structure can generate analogous molecules with more active biological 
activity (Sardi et al., 2016). Thus, knowing the therapeutic potential of these families 
of compounds was synthesized and developed new derivatives of both caffeic acid 
(pentyl cafeatte) and chalcone (nitrochalcone), with conformational changes with the 
expectation of optimizing its antimicrobial properties. 
The objective of this study was to evaluate the antimicrobial activity, anti- 
adhesive anti-biofilm modified synthetic molecules derived from caffeic acid and 
chalcone against microorganisms, which have a high incidence in hospital infections. 
 
2 – Methods 
 
 
Synthesis of nitrochalcone (NC-E05) 
The nitrochalcone NC-E05 was synthesized by Claisen-Schmidt aldol 
condensation between p-tolualdehyde (5 mmol) and p-nitroacetophenone (5 mmol)  






was kept at room temperature for 24 h. The product solid was filtrated from the crude 
mixture and purified by silica gel column with isocratic phase of 80 % hexane and 20 
% ethyl acetate (Buckari et al., 2013) 
 
 
Synthesis of pentyl caffeate (C5) 
The pentyl caffeate C5 was prepared using Fischer’s esterification 
methodology with minor modifications. A 3 mL solution of DCC (1.0 mmol) in p- 
dioxane was added to a cooled (5 °C) solution of 0.2 mmol caffeic acid and 20 mmol 
of pentyl alcohol in 6 mL p-dioxane. The solution was stirred for 48 h at room 
temperature and the solvent was removed under reduced pressure. The residue was 
partitioned 3 times with ethyl acetate and filtered. The filtrate was washed 
successively with saturated aqueous NaHCO3 (3 times), water (2 times), and 
evaporated under reduced pressure. The crude products were purified over a silica  
gel column (0.06–0.20 mm, ACROS Organics, USA) and eluted isocratically with 
hexane:ethyl acetate (98:2). The pentyl caffeate was identified using NMR spectral 
data obtained from a Bruker Avance III 14.1 T using hexadeuterodimethyl sulfoxide 
(DMSOd6) as solvent. Chemical shifts (δ) were expressed in ppm. Coupling constants 
(J) were expressed in Hz. The signal multiplicities are reported as singlet (s), doublet 
(d), doublet of doublet (dd), doublet of doublet of doublets (ddd) and multiplet (m) 
(Paracatu et al., 2014). 
 
Microorganisms 
Staphylococcus aureus ATCC 2592, Methicillin Resistant Staphylococcus 
aureus (MRSA) ATCC 33591 and Candida albicans MYA 2876 strains were used in 
this study. The strains were maintained as frozen stocks at -80 °C until use. For the 
assays, the strains were subcultured onto brain heart infusion agar (BHI), and a single 
colony was inoculated into brain heart infusion (BHI) medium and incubated at 37 
ºC for 24 h. 
 
 
Determination of minimum inhibitory concentration (MIC), minimum 
bactericidal concentration (MBC) and minimum fungicidal concentration (MFC). 
The MIC of NC-E05 and C5 were determined by the microdilution technique 






M27-A3. The compounds were diluted and tested at concentrations ranging from 
62.5 to 0.48 μg/mL. Vancomycin and Amphotericin B (Sigma-Aldrich) were used as 
a standard drug, 1 % DMSO (v/v; vehicle) was used as a negative control and culture 
medium free of any other agent was included to check for sterility. The MIC was 
defined as the lowest concentration of the compounds that inhibited visible microbial 
growth. The MBC/MFC were determined by sub culturing aliquots from the wells 
corresponding to the MIC and above onto BHI plates, which were incubated at 37 ºC 
for 48 h. The MBC/MFC was defined as the lowest concentration of the molecule 
that allowed no visible growth on the solid medium. 
 
Effect of C5 and NC-E05 on inhibition of in vitro adhesion and in HaCaT cells. 
Inhibition in vitro (polystyrene) adhesion 
In vitro adhesion was performed following the methodology of Saito et al. 
(2012), (with modifications) in which 1x, 10x MIC of NC-E05, C5, amphotericin B 
and vancomycin were diluted in ethyl alcohol. Thereafter, 200 μL of each 
concentration was added to the polyethylene microplate and held for 4 hours in a 
laminar flow chamber for solvent evaporation. Suspensions of C. albicans and S. 
aureus and MRSA (1x107 cfu/mL) were prepared and added 100 μL Tryptic Soy 
Broth (TSB) into the pre-treated microplate wells and allowed to remain in contact 
for 2 hours at 37 °C for cell adhesion. The material was removed from the wells, 
washed twice with 0.9 % saline solution for further serial dilution and plating. 
 
Inhibition in vitro adhesion to HaCaT cells. 
 
 
Cell cultures of human keratinocytes (HaCaT) were obtained from the Bank 
of Cells of Rio de Janeiro (RJ, Brazil). Cells were maintained in Dulbecco’s medium 
(DMEM) supplemented with 10 % fetal bovine serum (Gibco) plus 100U penicillin 
mL/L, 100 μg streptomycin sulfate and 200 mM L-glutamine at 37 ºC, 5 % CO2. In 
this assay, the inhibitory effects of NC-E05 and C5 against C. albicans, S. aureus  
and MRSA adhesion to HaCaT cells were investigated. First, an adhesion curve (1, 2 
and 3 h) was plotted to determine the initial time of fungal and bacterial adhesion to 
the human cells. The adhesion assay was performed using 24-well plates containing 






formation of monolayers of cells in the wells, aliquots of 500 μL bacterial or fungal 
inocula (5x103 cfu/mL) were added to each well. The plates were incubated at 37 ºC 
and 5 % CO2 for the previously mentioned times. After each incubation time, the 
cells were washed three times with sterile Phosphate-buffered saline (PBS) and then 
trypsinized. Aliquots of 100 μL were plated for cfu measurement onto BHI plates  
and incubated at 37 ºC for 24 h. The effects of NC-E05 and C5 on fungal and 
bacterial adhesion to HaCaT cells were evaluated by adding the compound at MIC/2 
(final concentration) simultaneously with the inoculum. This concentration was 
chosen as it ensures that bacterial or fungal growth and survival are not affected by 
treatment with the antimicrobial substance. After 1, 2 and 3 h of adhesion the cells 
were washed three times with sterile PBS, trypsinized and plated for cfu 
measurement onto BHI plates. The percentage of inhibition of adhesion was 
calculated based on the final number of adhered bacteria in relation to an untreated 
group indicating 100 % bacterial or fungal adhesion. 
 
Effect of NC-E05 and C5 in single and mixed species biofilm on formation and 
mature. 
Effects on biofilm formation 
Biofilm of C. albicans, S. aureus and MRSA were formed in 96-well 
microtiter plates. An aliquot of 200 μL of the standardized cell suspension 1×107 
cfu/mL of C. albicans, S. aureus and MRSA in media Tryptic Soy Broth (TSB) with 
1 % glucose (Tan et al., 2017). Added to the wells for monospecie biofilm formation. 
For mixed biofilm formation, 100 μL of each suspension (2×107 cells/mL of C. 
albicans and S. aureus or MRSA, respectively) were placed in the wells for biofilm 
formation. Plates were statically incubated at 37 °C for 2 h to promote cell adhesion. 
Thereafter, each well was washed once with 200 μL of PBS to remove the non- 
adherent cells. The NC-E05 and C5 were diluted in TSB with 1 % glucose medium  
in order to obtain concentrations of 1x and 10x MIC. Then, 100 μL of these 
concentrations were inoculated into wells and the plates were incubated for 24 h at  
37 °C. After the treatment period (24 h) with NC-E05 and C5, the medium was 
removed and the wells were washed once with 200 μL of PBS to remove planktonic 
cells and killed. As a positive control, amphotericin B and vancomycin were used, 






the assays were performed independently and in triplicate (Sardi et al., 2017). 
 
 
Effects on mature biofilms 
A total 200 μL aliquot of the standardized cell suspension (1×107 cells/mL of 
C. albicans, S. aureus and MRSA, respectively) were added to the wells for 
monospecific biofilm formation. For the formation of mixed biofilm, 100 μL of each 
suspension (2×107 cells/mL of C. albicans and S. aureus or MRSA) were placed in 
the wells for biofilm formation. The plates were statically incubated at 37 ºC for 24 h 
to promote biofilm formation. Then, each well was washed once with 200 μL of PBS 
to remove the non-adherent cells. NC-E05 and C5 were diluted in TSB medium to 
obtain final concentrations of 1 and 10x MIC. Then, 100 μL of each treatment was 
inoculated into wells and the plates were incubated at 37 °C for 24 h. After the 
treatment period with NC-E05 and C5, the medium was removed and the wells 
washed once with 200 μL of PBS to remove the planktonic cells and killed. As a 
positive control, Amphotericin B and vancomycin were used, while the wells 
inoculated with culture medium alone were the negative control. All the assays were 
performed independently and in triplicate (Sardi et al., 2017). 
 
Quantification of cfu/mL 
After treatment with NC-E05 and C5, biofilms were scraped from the wells 
using a 100 μL micropipette to allow dissociation of the cells. A 100 μL volume 
containing the cell suspension was aspirated from the wells, transferred to a tube 
containing 900 μL of PBS and vortexed. Dilutions in series were performed and 100 
μL of each suspension were plated on Chromagar (C. albicans) and Mannitol Salt 
Agar (S. aureus/ MRSA) culture medium plates. The percentage of cfu survival was 
determined based on the comparative survival of untreated biofilms (Benaducci et al, 
2016, Sardi et al., 2017). 
 
Toxicity in the invertebrate model Galleria mellonella 
This assay was performed to evaluate the acute toxic effects of NC-E05 and 
C5 as described by Megaw et al. (2015). This invertebrate model allows preliminary 
assessment of systemic toxicity by treatment with a given drug (Megaw et al., 2015). 






without signs of melanization. Five microliters of NC-E05 and C5 (200 µg/mL and 
350µg/L respectively) were injected into the haemocoel of each larva through the last 
left proleg using a Hamilton syringe. The larvae were incubated in the dark at 37 
°C and their survival was recorded at selected intervals for 72 h. The larvae that did 
not show movement to the touch and with high levels of melanization were counted 
as dead (Rochelle et al., 2016, Sardi et al., 2017, Lazarini et al., 2018). 
 
Statistical analysis 
All assays were performed in triplicate of three independent experiments. 
The data concerning the biofilm assays were analyzed by one-way analysis of 
variance (ANOVA) with Tukey’s multiple comparison test, with a significance 
level of 5 %. For the G. mellonella toxicity model, Kaplan-Meier killing curves 
were plotted on GraphPad Prism 5.0 and estimations of differences in survival were 
compared using the Log-rank test. 
 
3 – Results 
 
 
Synthesis of Nitrochalcone (NC-E05) 
The nitrochalcone - NC-E05 ((2E)-3-(4-methylphenyl)prop-2-en-1-one was 
synthetized as previously described and its identity was confirmed by NMR, as 
followed: 
Green solid was obtained in 83 % yield. 
1
H NMR (600 MHz, DMSO-d6) δ 2.37 (s, 
4 CH3), 7.30 (d, J = 8.0; H-3 and H-5), 7.79 (d, J = 15.6; H-α), 7.82 (d, J = 8.0; H-2 
and H-6), 7.91 (d, J = 15.6; H-β), 8.36 (d, J = 9.0; H-2’ and H-6’), 8.38 (d, J = 9.0; 
H-3’ and H-5’). 
13
C NMR (150 MHz) δ 21.6 (4-CH3), 121.3 (C-α), 124.3 (C-3’ and 
C-5’), 129.7 (C-2 and C-6), 130.1 (C-3 and C-5), 130.3 (C-2’ and C-6’), 132.2 (C- 

























Synthesis of Pentyl Caffeate (C5) 
The Pentyl Caffeate (C5) (4[(1E)-3-(pentyloxy)buta-1,3-dien-1-yl]benzene-1,2-diol 
was synthetized as previously described and its identity was confirmed by NMR, as 
followed: 
Yellow solid, yield 65%.1H NMR (600 MHz, DMSO) δ 7.44 (dd, J = 16.0, 3.2 Hz, 
H-7), 7.04 (t, J = 2.5 Hz, H-6), 6.97 (dd, J = 8.2, 2.5 Hz, H-2), 6.76 (d, J = 8.2 Hz, 
H-5), 6.26 (dd, J = 16.0, 5.8 Hz, H-8), 4.08 (t, J = 6.6 Hz, H-1’), 1.60 – 1.56 (m, H- 
2’), 1.33-1.24  (m, H-3’  - H-4’),  0.86  (m, H-5’).13C  NMR  (151 MHz,  DMSO) δ 
167.4 (C-9), 148.8 (C-4), 145.9 (C-3), 145.5 (C-7), 125.9 (C-1), 122.1 (C-6), 116.2 















Antimicrobial activity against planktonic cells. 
NC-E05 and C5 were tested for its ability to inhibit bacterial/fungal growth 
of S. aureus ATCC 25923, MRSA ATCC 33591 and C. albicans MYA2876  
strains. Table 1 shows the MIC and MBC/MFC values of NC-E05, C5 and their 
original drugs (Chalcone and Caffeic Acid, respectively), amphotericin B and 
vancomycin (standard drugs) against these pathogens. The MIC and MBC/MFC 
values of NC-E05 and C5 ranged from 31.25 to 15.75µg/mL suggesting that it is a 
potent bacterial/fungal inhibitor. The MBC/MFC/ MIC ratio was indicative that 




 >62.5 >62.5  >62.5 >62.5  >62.5 >62.5 
Chalcone 
(original) 
 >62.5 >62.5  >62.5 >62.5  >62.5 >62.5 
Caffeic Ac. 
(original) 




Table 1 - MIC and MBC values of NC-E05, C5, amphotericin B and vancomycin 
(standard drugs) against S. aureus ATCC 25923, S. aureus ATCC 33591 (MRSA) 
















NC-E05 15.62 15.62 1 15.62 15.62 1 15.62 15.62 1 
 
 
C5 31.25 31.25 1 31.25 31.25 1 31.25 31.25 1 
 
 
Vancomycin 0.5 1.0 2 0.5 1.0 2 - - - 
 
 
*Bacteriostatic/Fungistatic (MBC/MFC/MIC ≥4) or bactericidal/fungicidal (MC/MIC ˂4) 
activity. 
 
Inhibition in vitro (polystyrene) adhesion 
Figure 1 shows the in vitro adhesion assay of S. aureus, MRSA and C. 
albicans in which it is possible to observe a reduction in the adhesion of these 
pathogens when treated with 1x and 10x MIC of NC-E05 and C5. The inhibitory 
effects were more pronounced against S. aureus, since compound C5 showed 
greater inhibition mainly in the concentration 10x the MIC. Vancomycin was used 










































Untreated    Alcohol 15.62 156.20 31.25 312.50 0.5 5.0 
 














Untreated    Alcohol 15.62 156.20 31.25 312.50 0.5 5.0 
 

















Untreated    Alcohol 15.62 156.20 31.25 312.50 0.5 5.0 
 
NC-E05 C5 Amphotericin B 
 
Figure 1 – Inhibitory effects (mean±SD) of NC-E05 and C5 on S. aureus (A), MRSA (B) and C. 
albicans (C) adhesion in polystyrene. Treatment with NC-E05 and C5 at 1x and 10x MIC led to a 
significant decrease of S. aureus (A) , MRSA (B) and C. albicans (C) adhesion in polystyrene as 





















































































































Inhibition in vitro adhesion to HaCaT cells. 
The inhibitory effects of NC-E05 and C5 on bacterial/fungal adhesion to 
HaCaT cells were investigated. As seen in Figure 2, treatment with NC-E05 and C5 
at MIC/2 led to a significant decrease of adhesion in the strains from 1 to 3 h 
(p<0.0001) when compared to the untreated group. The inhibitory effects were more 
pronounced against S. aureus and C. albicans than MRSA. It is observed that in the 
third hour the compounds lost the ability to interfere in the adhesion of these 
pathogens. Compound C5 presented a superior result when compared to 
amphotericin B in the first and second hour. Over time, drugs decrease the ability to 
interfere with adhesion. In general the compound C5 presented better anti-adherence 
result when compared to NC-E05. These findings show that both NC-E05 and C5 
(used at a sub inhibitory concentration) directly affects the mechanism of S. aureus 
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Figure 2 – Percentage inhibitory effects (mean±SD) of NC-E05 and C5 on S. aureus (A), MRSA (B) 
and C. albicans (C) adhesion to human keratinocytes (HaCaT). Treatment with NC-E05 and C5 at 
MIC/2 led to a significant decrease of S. aureus (A), MRSA (B) and C. albicans (C) adhesion to 
































































































Effect of NC-E05 and C5 in single biofilm on formation and mature. 
 
NC-E05 and C5 were tested for its ability to inhibit biofilm formation (Figure 
3-1) and survival of mature biofilms (Figure 3-2). We carried out a quantitative assay 
for determination of cfu/mL in treated biofilms. Figure 3 shows that all 
concentrations of NC-E05 and C5 led to a significant decrease of biofilm survival 
(p<0.0001) as compared to the control, with better results for the concentration 10x 
MIC. Treatment with NC-E05 and C5 1x and 10x MIC caused a significant decrease 
of S. aureus and C. albicans biofilm formation as compared to the untreated group 
(p<0.0001). However, NC-E05 and C5 1x MIC were not able to inhibit the formation 
of MRSA biofilm (p>0.05). Furthermore, significant differences in biofilm formation 
were observed upon treatment with vancomycin and amphotericin B, and when 
comparing the effects of NC-E05, C5, vancomycin and amphotericin B on biofilm 
formation (Figure 3-1). As seen in Figure 3-2, S. aureus, MRSA and C. albicans 
mature biofilms treated with NC-E05 and C5 at 1x MIC and 10x MIC showed 
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NC-E05 C5 Amphotericin B NC-E05 C5 Amphotericin B 
 
Figure 3 – Quantitative analysis (determination of cfu/mL-1) of the inhibitory effects (mean±SD) of NC- 
E05 and C5, vancomycin and amphotericin B on S. aureus, MRSA and C. albicans biofilm formation (1) 
and mature biofilm (2). Treatment with NC-E05 and C5 vancomycin and amphotericin B at 10x MIC 
caused a significant decrease of S. aureus (1A) and C. albicans (1C) biofilm formation as compared to the 
untreated group (P<0.0001, ANOVA with Tukey’s post-test). Quantitative analysis mature biofilm treated 
with NC-E05 and C5, vancomycin and amphotericin B at 1x MIC and 10x MIC led to a significant  
decrease of S. aureus, MRSA and C. albicans mature biofilm as compared to the untreated group 
(P<0.0001, ANOVA with Tukey’s post-test). 
 
Effect of NC-E05 and C5 in mixed biofilm on formation and mature. 
NC-E05 and C5 were tested for its ability to inhibit mixed biofilm formation 
and survival of mixed mature biofilms of S. aureus or MRSA with C. albicans 
(Figure 4). We carried out a quantitative assay for determination of cfu/mL in treated 
biofilms. Figure 4 shows that all concentrations of NC-E05 and C5 led to a 
significant decrease of mixed biofilm survival (p<0.0001) as compared to the control, 




































































































































































































































































C5 10x MIC caused a significant decrease of S. aureus as compared to the untreated 
group and presented a vancomycin-like result (p<0.0001). However, NC-E05 and C5 
1x MIC were also able to inhibit S. aureus, MRSA and C. albicans in both biofilm  
on formation and mature except compound NC-E05 1x MIC to MRSA (p<0.0001). 
Furthermore, significant differences in biofilm formation were observed upon 
treatment with vancomycin and amphotericin B, and when comparing the effects of 
NC-E05, C5, vancomycin and amphotericin B on biofilm formation (Figure 3-1). As 
seen in Figure 4, S. aureus and C. albicans (A and B) or MRSA and C. albicans (C 
and D) treated with NC-E05 and C5 at 10x MIC showed reduced in all strains when 
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Figure 4 – Quantitative analysis (determination of cfu/mL-1) of the inhibitory effects (mean±SD) of NC- 
E05 and C5, vancomycin and amphotericin B on S. aureus and C. albicans (A and B) and MRSA and C. 
albicans (C and D). Treatment with NC-E05 and C5 vancomycin and amphotericin B at 10x MIC caused 
a significant decrease of S. aureus and C. albicans (A) biofilm formation and mature (B) as compared to 
the untreated group (p<0.0001, ANOVA with Tukey’s post-test). Treatment with NC-E05 and C5 
vancomycin and amphotericin B at 10x MIC caused a significant decrease of MRSA and C. albicans (C) 











































































































































































































Systemic toxicity of NC-E05 and C5 in G. mellonella larvae 
The in vivo toxicity of NC-E05 and C5 were assessed using the G. mellonella 
alternative model, as previously described. The larvae were injected with compounds 
NC-E05 and C5 at concentrations of 200 and 350 µg/mL respectively, which showed 
significant anti-biofilm activity in vitro and correspond to the doses 8 and 14 mg/kg 
larvae, respectively. As shown in Figure 6, intra-haemocoelic administration of NC- 
E05 and C5 did not cause significant acute toxic effects in the larvae over a period of 
72 h (p>0.05) (100% of the larvae viability, for both compounds). DMSO was used 
as a vehicle and did not show statistically significant toxicity either (p>0.05) (100% 
of the larvae viability). For the positive controls (vancomycin and amphotericin B) 




      
Figure 5 - Percentage survival over time of G. mellonella larvae injected with NC-E05 and C5 at 
concentrations 14 mg/kg/larvae to C5 and 8 mg/kg/larvae to NC-E05, which correspond to their 




Microbes rarely exist as single-species planktonic forms, the majority of 
them are found in complex polymicrobial biofilm communities attached to biotic 
and abiotic sites (Peters et al., 2012). Infections caused by a combination of 
microorganisms are responsible for mortality and morbidity, particularly those 
associated with biofilms formed on indwelling medical devices (Kong et al., 2016). 
The interactions between the various species in these mixed infections can be 
synergistic in that the presence of one microorganism generates a niche for other 

































pathogenic microorganisms, predisposing the host to colonization or infection by a 
second organism (Peters et al., 2012). This research aimed to test new compounds 
with anti-biofilm action of S. aureus and C. albicans single or dual species and the 
understanding of the association these strains in biofilms. Modifications in  
chemical structure generated analogous molecules with antimicrobial activity, as 
observed in Table 1. The chemistry of chalcones remains a fascination among 
researchers in the 21st century due to the large number of replaceable hydrogens  
that allows a large number of derivatives and a variety of promising biological 
activities to be generated, e.g., anti-inflammatory (Israf et al., 2007), anti-gout (Kim 
et al., 2014), anti-histaminic (Yamamoto et al., 2004), anti-oxidant (Aoki et al., 
2008), anti-obesity (Birari et al., 2011), anti-protozoal (Chen et al., 1993), 
antimicrobial (Nowakowska et al., 2008; Konduru et al., 2013; Božić et al., 2014, 
Fang et al., 2015). Two chalcones have been used in clinical practice.  
Metochalcone was approved as a choleretic drug, and sofalcone as an anti-ulcer 
agent that increases the amount of mucosal prostaglandin, conferring a gastro 
protective effect against Helicobacter pylori (Lai et al., 2010). Thus, the molecules 
used in this study are a modified chalcone supplemented with a nitro group and 
caffeic acid with five carbon both with excellent antimicrobial activity. To our 
knowledge there are no reported of NC-E05 with antimicrobial action. This study 
reports your action for the first time. 
Microbial attachment to host cells is one of the early strategies for 
successful establishment of infection (Pizarro-Cerda et al., 2006; Sardi et al., 2012). 
This adhesion can occur through cell surface hydrophobicity or even by a number 
of components, such as adhesins, pili or fimbriae, and specific exopolysaccharides 
(Pizarro-Cerda et al., 2006; Conrady et al., 2008; Sardi et al., 2012). C. albicans 
and S. aureus cells with high cell surface hydrophobicity rates have a greater 
capability of adherence to different host tissues or abiotic surface when compared  
to cells with low rates of hydrophobicity (Sardi et al., 2012; Xu et al., 2014). The 
two compounds showed high inhibition of adhesion of the microorganisms in 
polystyrene mainly when used 10x the minimum inhibitory concentration. 
Regarding cell adhesion, the inhibitory effects were more pronounced against S. 
aureus and C. albicans than MRSA (Figure 1). It is observed that both NC-E05 and 






and C. albicans adhesion to epithelial cells (Figure 2). These results could 
contribute to the prevention of infection in medical devices and contribute to the 
decrease of S. aureus and C. albicans present on the skin and mucosal surface 
(Sardi et al., 2017). 
The rapid development of resistance in pathogens clinically important as 
bacteria and yeasts represents a serious public health threat. Studies have described 
the potential of chalcone (Lal et al., 2018; Gibson et al., 2018; Desai et al., 2017; 
Özdemir et al., 2017) and caffeic acid (Balachandran et al., 2012; Sardi et al., 2016; 
Xu et al., 2017) as an antimicrobial agent but very little research has focused on 
analogue NC-E05 and C5. 
Biofilms consist of heterogeneous, functionally organized micro colonies 
where bacteria are protected from the action of macrophages, in addition to 
providing resistance to antibiotics more than planktonic cells (Costerton et al., 
1999). During biofilm development theses pathogens may evade host defenses and 
become tolerant to high concentrations of antimicrobials, making infections 
particularly difficult to eradicate effective concentration of antimicrobials against 
biofilms can be up to 1000-fold higher than that against planktonic cultures 
(Costerton et al., 1999; Sardi et al., 2014). Therefore, the concentrations 1x and 10x 
MIC were selected in this study for the treatment of forming and mature biofilms. 
Both compounds were able to reduce the microorganisms in the mature biofilm, but 
the reduction for S. aureus was more discrete when compared to C. albicans, 
corroborating with the data found by Kong et al. (2016), demonstrated significantly 
enhanced tolerance for S. aureus to drugs in the presence of C. albicans. 
Budzyńska et al. (2017) showed that C. albicans and S. aureus biofilms 
were less susceptible to fluconazole and mupirocin action, respectively, compared 
to the planktonic counterparts. However, the drug effectiveness in combination with 
the essential oil was significantly improved, giving enhancement of biofilm 
eradication than caused by the antibiotics alone. In order to provide preliminary 
evidence on the short-term toxicity of NC-E05 and C5 for future clinical use, we 
carried out an assay with the invertebrate model of G. mellonella larvae. This 
validated model is broadly used in the international literature and indicates the  
acute toxic effects over time of exogenously administered substances (Megaw  et 
al., 2015; Sardi et al., 2017). The results of NC-E05 and C5 has  no  significant 






tested at its effective anti-biofilm concentrations, which is encouraging for clinical 
use. Several studies have used G. mellonella to study toxicity (Sardi et al., 2016, 
Palanco et al., 2017; Lazarini et al., 2018). According to Freires et al. (2017), the 
model has several advantages over other quick and low-cost data generation and is 
an alternative approach to the use of mammals for primary toxicological 
assessment, hence reducing the number of vertebrate animals for experimentation. 
Thus, these preliminary results showed that it is possible to continue studies 
as they are promising molecules against two important nosocomial microorganisms. 
 
5 – Conclusion 
It may be concluded that both NC-E05 and C5 has strong anti-biofilm 
activity against S. aureus, MRSA and C. albicans comparable to that of 
vancomycin and amphotericin B. Both are able to inhibit bacterial and fungal 
adhesion in polystyrene and to human cells and has low toxicity in the G. 
mellonella model. These findings open new opportunity for the study of this 
chalcone and caffeate acid derivative as an excellent prototype against mixed 
biofilm. Further studies should focus on its mechanism of action and long-term 
toxicity in other relevant models. 
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3 – CONCLUSÃO 
 
Pode-se concluir que tanto o composto NC-E05 quanto o C5 possuem forte 
atividade antibiofilme contra S. aureus, MRSA e C. albicans quando comparados à 
vancomicina e anfotericina B, antimicrobianos já existentes no mercado. Ambos 
são capazes de inibir a adesão bacteriana e fúngica em poliestireno e em células 
humanas e apresentam baixa toxicidade no modelo de G. mellonella. Esses achados 
abrem uma nova oportunidade para o estudo desses compostos como um protótipo 
contra o biofilme misto. Outros estudos devem se concentrar em seu mecanismo de 
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